Borrelia sp. similar to Borrelia lonestari found among wild sika deer 4 (Cervus nippon yesoensis) and Haemaphysalis spp. ticks in Hokkaido, Japan.
Introduction

Materials and Methods
1 Sampling from field 2 To examine the infection rate of Borrelia spp. among sika deer, we surveyed deer samples from 3 hunting and nuisance control culling held in the eastern part of Hokkaido from July 2011 to August 4 2013. Two regions were selected for sample collection: Shiretoko and Shibetsu, which are separated 5 by approximately 40 km and the Shiretoko mountain range (Fig. 1 ). Blood samples were collected 6 from veins or heart and dispensed into EDTA·Na tubes and plain tubes. EDTA blood was kept at 4°C 7 until DNA extraction, which was performed within 2 days. Buffy coat or unspun plasma were collect 8 on the day of sampling and kept in -20°C until DNA extraction, which was performed within a week. 9 Deer were identified to sex, and individuals were grouped into fawns (lesser than 1 year old) and 10 adults (1 year or older) based on a tooth formula (Koike and Ohtaishi, 1985) . Sampling was divided 11 into two seasons based on snow covering from November through April (winter) and from May 12 through October (summer). When possible, a portion of an entire ear from the dead deer was collected 13 and kept at -20°C for tick counts and species and stage identification. and were kept at -20°C until DNA extraction. 18 DNA extraction 19 DNA from deer blood was extracted using the Wizard ® genomic DNA purification kit (Promega, 20 Madison, WI) by the recommended protocol using 3 ml of whole blood or unspun plasma or buffy 21 coat from 3 ml of blood sample. Tick DNA was extracted by using ammonium hydroxide (NH 4 OH) as 22 described in Barbour et al. (2009) with minor modification. Harvested DNA samples were stored at -23 20°C until analysis. 24 Conventional PCR and sequencing 25 All deer blood DNA samples were examined using nested PCR to detect the Borrelia spp. BflaPCR for nested PCR as previously described (Takano et al., 2010) with the GeneAmp ® + 1 PCRSystem9700 (Applied Biosystems, Foster City, CA). PCR was done with Takara Ex Taq (Takara 2 Bio, Otsu, Japan) and the first PCR condition was 25 cycles of 20 s at 94°C, 30 s at 55°C and 30 s at 3 72°C, and nested PCR was performed at 30 cycles with the same conditions. Contamination and 4 amplicon carryover were carefully checked by using distilled water as blank control in each 5 experiment. After gel electrophoresis, the PCR product (323 bp) was purified with the NucleSpin ® Gel 6 and PCR clean-up kit (Macherey-Nagel, Duren, Germany) according to the manufacturer's 7 instructions. The forward primer of the nested PCR was used for direct sequencing of amplicon DNA 8 using 27 cycles of 15 s at 96°C, 5 s at 50°C and 4-min at 60°C with the BigDye ® Terminator v1.1 9 Cycling Sequencing Kit. The sequenced results were analysed on an ABI PRISM 310 Genetic 10 Analyser (Applied Biosystem), and were compared in GenBank for identification to species. 
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After sequencing of the 16S rRNA gene as described above for flaB nested PCR, the sequences were 10 1 to 10 8 plasmid copies with 10 fold dilutions. As a result, the limit of detection consistently 1 observed was a minimum of 10 1 plasmid copies, and quantification was confirmed between a range of 2 10 1 copies to 10 7 copies (data not shown). Deer whole blood was inoculated into modified BSK medium (BSK-M or BSK-II medium: using 1 minimal essential medium alpha [BioWest, Germany] There was no significant statistical difference in the prevalence between sex or between winter and 10 summer seasons in either region (data not shown and 0.3 of SD) in a pool of 5 nymphs ( Table 2 ). The number of genomes in 1 ml of deer blood ranged 7 from 14 to 608,213 (in Log 10 , 1.2 to 5.8) with a mean of 47,054 (in Log 10 , 3.5. 1.2~5.7 of CI and 1.2 8 of SD) ( Table 2) . for flaB (Fig. 2) , 16S rRNA gene (Fig. 3) , and glpQ (Fig. 4) In this study, B. lonestari-like was detected from blood of sika deer and from Haemaphysalis 2 spp. ticks in Hokkaido, Japan. B. lonestari was originally detected from the lone star tick, A.
3 americanum, (Schulze et al., 1984; Luckhart et al., 1992) . In the United States, B. lonestari has been 4 detected from 8.7% of wild white-tailed deer (Moore IV et al., 2003) , and in the experimental found in this study.
23
Secondly, the prevalence of B. lonestari-like was higher among fawns compared to older deer.
24
In a previous study, LD borreliae showed age dependent infection rates, and this was interpreted as 25 persistent infection in mice (Schwan et al., 1991 seroprevalence among sika deer) may resolve this issue.
7
Our data indicate that the prevalence of B. lonestari-like is different by region. The prevalence 8 among the deer caught in Shiretoko (17%) was much higher than in Shibetsu (2.8%) ( Table 1) . Such reported in our sampling areas (Yamaguti et al., 1971; Ito and Takahashi, 2006) , and the ticks we 17 collected in this study were composed of these two genera. The host-seeking ticks and blood feeding 18 ticks on deer were significantly different between regions. In Shiretoko, where there was a higher Shiretoko was greater than in Shibetsu, the regional variation in B. lonestari-like prevalence among 27 15 sika deer may be correlated with the population of Haemaphysalis spp.
1
In this study, the prevalence of B. lonestari-like among sika deer, adult Haemaphysalis spp.
2 ticks, and nymphs were 17%, 0.7%, and 1.1%, respectively. The prevalence of LD borreliae in a 3 previous study in Hokkaido were 30% and 15.7%, and that of B. miyamotoi were 6.9% and 1.8% 4 among mammalian hosts and vector ticks in Hokkaido, respectively (Taylor et al., 2013) . The gap 5 between the prevalence in host and tick in our study is wider than expected. However, unlike other 6 Borrelia spp., since there is no study or report on the transmission strategy or efficiency of B. 7 lonestari, it is difficult to evaluate whether this gap is appropriate. The prevalence of borreliae in ticks 8 may be affected by transovarial, transstadial, or horizontal transmission. Furthermore, a larger sample 9 size is necessary in order to determine a more accurate prevalence among ticks.
10
In the phylogenetic analyses, B. lonestari-like associated closely with B. lonestari, Borrelia sp. Table 1 . DNA detection of B. lonestari-like in deer blood samples with age and region. 
